###### Strengths and limitations of this study

-   Overview of systematic reviews that reviewed exclusively primary prevention data on statins.

-   Transparent search strategy, published protocol and validated instruments to assess the methodological quality of included reviews.

-   Synthesised evidence from systematic reviews with a mixture of individual patient and aggregate outcome data with an overlap of included randomised controlled trials across reviews.

-   Some relevant reviews may have been excluded because we could not ascertain the proportion of primary prevention participants within the systematic review.

-   Limited data reporting reductions in various outcomes based on baseline risk and some studies included participants considered risk equivalent to those with established cardiovascular disease.

Introduction {#s1}
============

Raised total cholesterol (TC) and low-density lipoprotein (LDL) cholesterol are risk factors for cardiovascular disease (CVD).[@R1] Statins, or 3-hydroxy-3-methylglutaryl co-enzyme A reductase inhibitors, are a class of lipid-lowering drugs and are first choice agents for reducing plasma LDL cholesterol and thereby reducing CVD risk.[@R2] Statins may be used for the primary or secondary prevention of CVD. Primary prevention comprises treating people who do not have established CVD but who may be at risk of future CVD events, whereas secondary prevention involves treating those with established CVD.[@R3]

The last 30 years have seen a large increase in the utilisation of statins,[@R4] which is consistent with changes in recommendations in clinical guidelines.[@R8] However, there is ongoing debate about these changes,[@R9] as they have tended to expand the number of people eligible for treatment, particularly in primary prevention.[@R12] Our previous analysis found that almost two-thirds of people who were taking statins did so for primary prevention.[@R14]

Several SRs investigating the use of statins for the primary prevention of CVD have been published reaching varying conclusions.[@R15] However, most published SRs reported on trials that included a proportion of participants with a history of CVD.[@R21] In addition, the primary prevention population is heterogeneous, ranging from those at very low risk of CVD to those considered 'risk equivalent' to those in the secondary prevention category. The latter, for example, includes people with diabetes mellitus exhibiting target organ damage or people with chronic kidney disease.[@R1] The net benefit or absolute risk reduction achieved with statin therapy is critically dependent on the baseline risk. Therefore, the outcomes reported in the SRs that were stratified by baseline risk or by gender were of particular interest, these data being the most pertinent to clinical decision making with individual patients.

To address this evidence gap and support decision making, we undertook an overview of SRs that reported on *exclusively* primary prevention trials or individual patient data (IPD) of trial participants using only data from patients without established CVD.

Methods {#s2}
=======

This overview was conducted according to the methods of the Cochrane Handbook for Systematic Reviews of Interventions.[@R24] The protocol for the overview was published on PROSPERO.[@R25]

We included any SR of RCTs or IPD from RCTs, in any language, which examined the effectiveness of statins versus placebo or no treatment exclusively in those without prior CVD. We searched for the following outcomes: (1) all-cause mortality; (2) fatal and non-fatal coronary heart disease (CHD) and CVD events including stroke; (3) composite endpoints; and (4) any of these outcomes stratified by a calculation of future risk of CVD or by gender (see [box 1](#B1){ref-type="boxed-text"}).Box 1Patients, Interventions, Comparators, Outcomes, Timing, Setting and Study designPatientsAdults \>18 years of age.Without established cardiovascular disease (CVD).InterventionsStatins (3-hydroxy-3-methylglutaryl co-enzyme A reductase inhibitors).ComparatorsPlacebo.Control.OutcomesAll-cause mortality.Fatal and non-fatal coronary heart disease (CHD), CVD and stroke events.Combined endpoint (fatal and non-fatal CHD, CHD and stroke events).Any of the above outcomes stratified by a calculation of future risk of CVD or by gender.TimingStudies of any duration.Setting and study designSystematic reviews of randomised controlled trials.Systematic reviews of individual patient data.

The search strategy, terms and databases were chosen with the assistance of a health sciences librarian and are described in online [supplementary appendix 1, tables 1 and 2](#SP1){ref-type="supplementary-material"}. We searched the Cochrane Database of Systematic Reviews, MEDLINE, Embase, PubMed, Scopus and PROSPERO from the date of the first statin's approval in 1987[@R26] to June 2017.
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Two overview authors (PB and AS) independently screened search results by title and abstract and obtained full-text versions of the articles identified by both as potentially relevant. PB and AS selected relevant articles by reading the full texts and applying the inclusion and exclusion criteria. PB and AS used Covidence systematic review software to manage the searches and extraction of data.[@R27] Any differences of opinion on inclusion were resolved by consulting another overview author (SMS or JC).

Data collection and analysis {#s2a}
----------------------------

PB performed data extraction, while AS independently checked the extracted data. SRs were extracted that fulfilled inclusion criteria, that is, SRs of RCTs or IPD from RCTs, in any language, which examined the effectiveness of statins versus placebo or no treatment exclusively in those without prior CVD. We extracted data on outcomes of relevance; all-cause mortality; CHD, CVD and stroke events; composite endpoints; and any of these outcomes stratified by a calculation of future risk of CVD or by gender. Both reviewers independently assessed the methodological quality of the included reviews using the R-AMSTAR tool.[@R28] One of the included SRs, published by the Cholesterol Treatment Trialists' Collaboration (CTT), consisted of analyses of IPD and was reported in two publications based on the same trials, one reporting results overall[@R29] and one that included analyses stratified by gender.[@R30] Some of the methods were described not in the SR itself but in other referenced CTT papers and in the CTT protocol, which was published in 1995.[@R31] As we found some limitations in using R-AMSTAR in the context of IPD, we further assessed CTT and the secondary papers describing their methodology, using the Preferred Reporting Items for Systematic Reviews and Meta-analyses of Individual Participant Data (PRISMA-IPD) checklist.[@R34] We searched the SRs for any assessments of the quality of evidence of included trials such as GRADE, Cochrane Risk of Bias or the Jadad Scale. We undertook a narrative synthesis of the included reviews and summarised their main results on the effectiveness of statins regarding the outcomes of relevance and those outcomes stratified by baseline risk and gender.

Patient and public involvement {#s2b}
------------------------------

There was no patient or public involvement in this overview, and patient and public involvement was not reported in the included systematic reviews.

Results {#s3}
=======

Search results {#s3a}
--------------

Our initial searches yielded 1462 results of which 181 were evaluated as full-text articles following title and abstract screening. Thirty-one full-text articles were analysed in detail. We supplemented the electronic search by scanning the reference lists of the full-text articles we read. No further SRs were identified. Reasons for exclusion and references to 27 final excluded articles are presented in online [supplementary appendix 2](#SP1){ref-type="supplementary-material"}. On the basis of our search and extraction strategy, three SRs were included in this overview. One of the included SRs was reported in two separate publications but included the same trial data, so was treated as a single systematic review for the purpose of this overview (see [figure 1](#F1){ref-type="fig"}). Many excluded SRs did not specify the proportion of participants without CVD that had been included. Some primary prevention SRs included trials with up to 50% of participants with CVD,[@R35] while the most up-to-date Cochrane review included trials with up to 10% of participants having CVD.[@R21]

![Flow chart of included systematic reviews. CTT, Cholesterol Treatment Trialists' Collaboration; IPD, individual patient data.](bmjopen-2018-023085f01){#F1}

Characteristics of included studies {#s3b}
-----------------------------------

Of the three included SRs, two comprised analyses of aggregate data from RCTs,[@R15] and one[@R29] presented analyses of IPD from the CTT. [Table 1](#T1){ref-type="table"} describes the characteristics of the included reviews. [Table 2](#T2){ref-type="table"} describes the population demographics reported in each SR.

###### 

Characteristics of the included systematic reviews

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Review (year)       Population                                         Intervention   Comparator   Included studies   Quality of included reviews   Total participants   Baseline risk of participants   Outcomes reported   Subgroup analysis of outcomes   Synthesis                                       Last search date                                                     
  ------------------- -------------------------------------------------- -------------- ------------ ------------------ ----------------------------- -------------------- ------------------------------- ------------------- ------------------------------- ----------------------------------------------- ----------------------------------------------- -------------------- ------
  CTT\                Men and women without prevalent CVD at baseline.   Statin         Control      22                 4.8                           NR                   27                              1 34 537            \<5%;\                          Any deaths.\                                    All outcomes by baseline risk profile.\         IPD meta-analysis    2011
  2012 and 2015                                                                                                                                                                                                                ≥5%--\<10%;\                    Any vascular death.\                            Major vascular events by gender.                                     
                                                                                                                                                                                                                               ≥10%--\<20%;\                   Non-vascular death.\                                                                                                 
                                                                                                                                                                                                                               ≥20%--\<30% and\                Major coronary events. Major vascular events.                                                                        
                                                                                                                                                                                                                               ≥30%.                                                                                                                                                

  Mora *et al* 2010   Women without prevalent CVD at baseline.           Statin         Control      3                  \>1                           NR                   19                              13 154              NA                                                                              Total CVD in women. Total mortality in women.   RCT meta-analysis.   2009

  Ray *et al* 2010    Men and women without prevalent CVD at baseline.   Statin         Control      11                 3.7                           NR                   32                              65 229              NA                              All-cause mortality.                                                                            RCT meta-analysis.   2009
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTT, Cholesterol Treatment Trialists' Collaboration; CVD, cardiovascular disease; IPD, individual patient data; NA, not applicable; NR, not reported; RCT, randomised control trial.

###### 

Population demographics

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Review              Participants (n)   Gender          \% Male   Mean age        With diabetes\            Smokers\                 Mean SBP\        LDL-C mmol/L\*
                                                                                   %                         %                        mm Hg            
  ------------------- ------------------ --------------- --------- --------------- ------------------------- ------------------------ ---------------- -----------------------
  CTT 2012 and\       134 537            Women and men   59†       65.3 (women)\   24.5 (women) 19.4 (men)   15.4 (women) 9.4 (men)   141.2 (women)\   3.6 (women) 3.6 (men)
  2015                                                             62.0 (men)                                                         139.3 (men)      

  Mora *et al* 2010   13 154             Women           0         64‡             7‡                        NR                       NR               NR

  Ray *et al* 2010    65 229             Women and men   65        62              19                        23                       141              3.6
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*SI conversion factor: to convert LDL-C to mg/dL divided by 0.0259.

†This proportion was calculated from Fulcher *et al*. Cholesterol Treatment Trialists' (CTT) Collaboration. Efficacy and safety of LDL-lowering therapy among men and women: meta-analysis of individual data from 1 74 000 participants in 27 randomised trials. *Lancet*. 2015;385 (9976):1397--405 of [table 2](#T2){ref-type="table"}.

‡This proportion was calculated from Mora *et al*. Statins for the primary prevention of cardiovascular events in women with elevated high-sensitivity C-reactive protein or dyslipidaemia results from the Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER) and meta-analysis of women from primary prevention trials. *Circulation*. 2010;121(9) :1069--77 of figure 2.

CTT, Cholesterol Treatment Trialists' Collaboration; LDL-C, low-density lipoprotein cholesterol; NR, not reported; SBP, systolic blood pressure.

The CTT analyses included IPD from 22 trials of statin versus control as well as five of more versus less statin. However, the trials of more versus less statin did not include any primary prevention participants; therefore, we assume, although it is not stated in the SR, that all analyses in those with 'no known history of vascular disease' are taken from only the statin versus control trials, and we included only these analyses in our overview as per our protocol. Online [supplementary appendix 3](#SP2){ref-type="supplementary-material"} describes analyses from the included SRs that were not included in this overview.
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Ray *et al* [@R15] included 11 trials with additional unpublished data from authors that provided data on primary prevention participants. Mora *et al* [@R36] included three exclusively primary prevention trials in women only. Two types of data therefore are included in our overview, IPD and aggregate data from trials.

The overlap of included reviews is reported in [table 3](#T3){ref-type="table"}. While all SRs included overlapping RCTs, IPD were used by CTT, Ray *et al* reported previously unpublished data, and outcomes were reported differently across the three included systematic reviews.

###### 

Trial overlap of included systematic reviews

  Included trials   CTT   Mora   Ray
  ----------------- ----- ------ -----
  AFCAPS/TexCAPS    ✓     ✓      ✓\*
  ALERT             ✓            
  ALLHAT-LLT        ✓            ✓†
  ALLIANCE          ✓            
  ASCOT-LLA         ✓            ✓†
  ASPEN             ✓            ✓†
  AURORA            ✓            
  CARDS             ✓            ✓
  CARE              ✓            
  CORONA            ✓            
  4D                ✓            
  GISSI-HF          ✓            
  GISSI-P           ✓            
  HPS               ✓            
  HYRIM                          ✓\*
  JUPITER           ✓     ✓      ✓
  LIPID             ✓            
  LIPS              ✓            
  MEGA              ✓     ✓      ✓
  Post-CABG         ✓            
  PREVEND-IT                     ✓†
  PROSPER           ✓            ✓†
  4S                ✓            
  WOSCOPS           ✓            ✓

\*Provided hitherto unpublished tabular data on all-cause mortality.

†Shared tabular data on subset of participants without CVD.

CTT, Cholesterol Treatment Trialists' Collaboration; CVD, cardiovascular disease.

Outcomes reported {#s3c}
-----------------

All three SRs reported outcomes for all-cause mortality, one of which, Mora *et al*, was in women only. CTT reported outcomes for vascular deaths, non-vascular deaths, major coronary events (defined as non-fatal myocardial infarction \[MI\] or coronary death) and major vascular events (defined as major coronary events, coronary revascularisation and stroke).

In addition, all outcomes reported by CTT were stratified by the participants' 5-year vascular risk at baseline. The risk categories reported in CTT describe a person's estimated 5-year risk of having a major vascular event and were stratified as follows: \<5%; ≥5%--\<10%; ≥10%--\<20%; ≥20%--\<30%; and ≥30%. This method of calculating risk was modelled by CTT, and how these categories relate to more commonly used methods such as SCORE, QRISK and Framingham is unclear. However, Robinson *et al* [@R37] estimated CTT's ≥5%--\<10% 5-year vascular risk to be nearly identical to the more standard US 10-year atherosclerotic CVD (ASCVD) event rate. The outcome major vascular events was also stratified by gender by CTT, and Mora *et al* reported results for the composite outcome total CVD events in women. (See online [supplementary appendix 3](#SP2){ref-type="supplementary-material"} for outcomes that were reported in the included SRs but which we did not include in this overview.)

Quality assessment of the included systematic reviews {#s3d}
-----------------------------------------------------

### R-AMSTAR {#s3d1}

The CTT SR received a R-AMSTAR score of 27. The reviews by Mora *et al* and Ray *et al* were assigned ratings of 19 and 32, respectively, out of a maximum score of 44 (see [table 4](#T4){ref-type="table"}).

###### 

R-AMSTAR assessment per systematic review

  Review         R-AMSTAR criteria                                           
  -------------- ------------------- --- --- --- --- --- --- --- --- --- --- ----
  CTT            4                   1   2   2   2   4   2   2   4   1   3   27
  Mora *et al*   3                   1   1   2   1   1   2   2   3   1   2   19
  Ray *et al*    3                   4   3   1   2   3   3   4   3   4   2   32

CTT, Cholesterol Treatment Trialists' Collaboration.

In general, the included SRs scored lowest in criteria describing search strategies, excluded studies and reasons for exclusion. Neither Mora *et al* nor CTT clearly reported their search strategy, methods of study selection or extraction or provided lists and characteristics of excluded studies; nor how disagreements among extractors were resolved or if two independent researchers extracted data from the included studies. Across the included SRs, the highest scoring criterion was for the statistical methods of combining included studies.

### Preferred Reporting Items for Systematic Reviews and Meta-analyses of Individual Participant Data {#s3d2}

Using PRISMA-IPD as well as R-AMSTAR, we were still unable to assess potential risk of bias in the CTT SR including how IPD were collected, requested and managed, including whether IPD were sought and not available from other trials, the full electronic search strategy, details of databases searched, methods for resolving disagreements between those extracting studies, lists and characteristics of excluded studies, assessment of risk of bias in included RCTs and assessment of publication bias. It should be noted that this checklist was published in 2015, which is after the publication of CTT's SR. However, it would seem reasonable to expect that all items included in the PRISMA-IPD checklist would be incorporated in IPD analysis. The CTT protocol notes that publication bias can be avoided by *'prospectively planning an overview based on individual patient data from all relevant randomized trials*'. However, no tests for publication bias were reported. Ray *et al* was the only included SR that reported on publication bias and assessed this using a funnel plot and Egger's test and found no strong evidence of publication bias (p=0.50).

Risk of bias from the primary RCTs included in SRs {#s3e}
--------------------------------------------------

None of the SRs reported on the risk of bias in their included primary trials using GRADE, Cochrane Risk of Bias or the Jadad Scale.

### Effectiveness of statins {#s3e1}

Due to the variability in the reviews and different outcomes reported, we have not attempted to combine or re-meta-analyse results and have presented a narrative synthesis as an overview of all results. We found a trend towards reduced all-cause mortality in the three systematic reviews, though only one of the three showed a statistically significant difference. CTT reported statistically significant relative risk (RR) reductions in 'any deaths' (RR 0.91 \[95% CI 0.85 to 0.97\]). Ray *et al* conducted both fixed and random effects meta-analyses, with and without two trials reporting results for people with diabetes. There were no statistically significant reductions in all-cause mortality in any of the meta-analyses: random effects models (RR 0.91 \[95% CI 0.83 to 1.01\]) including diabetes trials; fixed effects models (RR 0.93 \[95% CI 0.86 to 1.00\]) including diabetes trials; random effects models (RR 0.92 \[95% CI 0.84 to 1.02\]) excluding diabetes trials; fixed effects models (RR 0.94 \[95% CI 0.86 to 1.01\]) excluding diabetes trials. Mora *et al* found no significant reduction in total mortality (RR 0.78 \[95% CI 0.53 to 1.15\]) in women.

CTT reported significant reductions in any vascular death (RR 0.85 \[95% CI 0.77 to 0.95\]) and non-significant reductions in non-vascular death (RR 0.97 \[95% CI 0.88 to 1.07\]).

In addition, CTT reported results stratified by baseline risk category. There were non-significant reductions reported by CTT in 'any deaths' except at one level of risk. Non-significant results for vascular deaths were reported in all risk categories. Three risk categories were found to have non-significant increases in non-vascular deaths, while two had non-significant reductions in the outcome. There were reductions reported in all risk categories for major coronary events and major vascular events when stratified by baseline risk category, but these were not statistically significant in the two highest risk categories (see [table 5](#T5){ref-type="table"}).

###### 

Reported results of the included systematic reviews

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Review                                                             Reported results                                                                                                                                                                                                          
  -------------------------------------- --------------------------- ------------------------------------------------------ --------------------------------------- -------------------------------------- ----------------------------------------- ----------------------------------------- ------------------
  CTT 2012 and 2015                      Overall                     RR 0.91 (95% CI 0.85 to 0.97), p=0.007                 RR 0.85 (95% CI 0.77 to 0.95), p=0.04   RR 0.97 (95% CI 0.88 to 1.07), p=0.6   RR 0.71 (95% CI 0.65 to 0.77), p=0.0001   RR 0.75 (95% CI 0.70 to 0.80), p=0.0001   

  Stratified by baseline risk profile:                                                                                                                                                                                                                                                         

                                         \<5%                        RR 0.94 (95% CI 0.71 to 1.26)                          RR 0.80 (95% CI 0.43 to 1.47)           RR 1.13 (95% CI 0.76 to 1.69)          RR 0.59 (95% CI 0.37 to 0.96)             RR 0.61 (95% CI 0.45 to 0.81)             

                                         ≥5%--\<10%                  RR 0.83 (95% CI 0.69 to 0.99)                          RR 0.75 (95% CI 0.55 to 1.04)           RR 0.87 (95% CI 0.67 to 1.11)          RR 0.58 (95% CI 0.48 to 0.72)             RR 0.66 (95% CI 0.57 to 0.77)             

                                         ≥10%--\<20%                 RR 0.88 (95% CI 0.76 to 1.02)                          RR 0.84 (95% CI 0.67 to 1.05)           RR 0.94 (95% CI 0.76 to 1.15)          RR 0.78 (95% CI 0.65 to 0.93)             RR 0.82 (95% CI 0.72 to 0.93)             

                                         ≥20%--\<30%                 RR 1.06 (95% CI 0.86 to 1.32)                          RR 0.97 (95% CI 0.72 to 1.32)           RR 1.13 (95% CI 0.81 to 1.57)          RR 0.80 (95% CI 0.60 to 1.06)             RR 0.81 (95% CI 0.65 to 1.01)             

                                         ≥30%                        RR 0.94 (95% CI 0.70 to 1.25)                          RR 0.88 (95% CI 0.59 to 1.33)           RR 1.07 (95% CI 0.68 to 1.69)          RR 0.76 (95% CI 0.50 to 1.17)             RR 0.83 (95% CI 0.58 to 1.18)             

  Stratified by gender:                                                                                                                                                                                                                                                                        

                                         Men                                                                                                                                                                                                         RR 0.72 (95% CI 0.66 to 0.80)             

                                         Women                                                                                                                                                                                                       RR 0.85 (95% CI 0.72 to 1.00)             

  Mora *et al*                                                                                                                                                                                                                                                                                 

  Stratified by gender                                                                                                                                                                                                                                                                         

                                         Women                       RR 0.78 (95% CI 0.53 to 1.15)                                                                                                                                                                                             RR 0.63 (95%\
                                                                                                                                                                                                                                                                                               CI 0.49 to 0.82)

  Ray *et al* 2010\                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                               

  Stratified by inclusion criteria                                                                                                                                                                                                                                                             

                                         Including diabetes trials   Random effects model: RR 0.91 (95% CI 0.83 to 1.01)\                                                                                                                                                                      
                                                                     Fixed effects model: RR 0.93 (95% CI 0.86 to 1.00)                                                                                                                                                                        

                                         Excluding diabetes trials   Random effects model: RR 0.92 (95% CI 0.84 to 1.02)\                                                                                                                                                                      
                                                                     Fixed effects model: RR 0.94 (95% CI 0.86 to 1.01)                                                                                                                                                                        
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTT, Cholesterol Treatment Trialists' Collaboration; CVD, cardiovascular disease.

Discussion {#s4}
==========

Principal findings {#s4a}
------------------

Three SRs were included in this overview reporting a mix of aggregate and IPD data and a range of reporting based on gender and baseline cardiovascular risk. The main outcomes reported were all-cause mortality, vascular and non-vascular deaths and the composite outcomes of total CVD events, major coronary events and major vascular events. CTT reported a significant reduction in all-cause mortality, but no significant reductions were found in the two other systematic reviews for this outcome. Though point estimates are very similar, the difference in statistical significance may be due to the numbers of participants included in each analysis, suggesting an issue with statistical power. It may be the case that the smaller analysis did not have sufficient statistical power though, conversely, it can be argued that when an analysis includes very large numbers, minimal clinical effects can reach statistical significance.[@R38] However, when CTT stratified results by baseline risk profile, non-significant reductions were reported for all-cause mortality in all but one level of risk. As noted, the overall reduction in any deaths reported in the reviews includes participants who, although categorised as 'primary prevention', may include those who are risk equivalent to people with established vascular disease, such as people with diabetes and chronic kidney disease. Because of this limitation, arguably the results relevant to low-risk people are those specific to their baseline risk category (\<5% and ≥5%--\<10%), rather than the aggregate results reported.

In an attempt to specify risk reductions in the lowest risk people included in the CTT analysis, that is, in those for whom statins were not already recommended because of CHD risk equivalence, Abramson *et al* [@R12] reanalysed data from this review for those whose 5-year risk was \<5% and for those whose risk was ≥5%--\<10%. They found there was no significant effect on mortality in this group of patients (RR 0.95 \[95% CI 0.86 to 1.04\]). However, Abramson *et al*'s analysis included participants with and without vascular disease. It could be expected that the effect of statins would be seen most clearly in the outcome of vascular deaths. However, while an overall significant reduction was reported for this outcome by the CTT, non-significant reductions were reported at all levels of risk when stratified by baseline risk profile. Significant reduction in major vascular events and major coronary events were reported and mixed results for these outcomes when stratified by gender and baseline risk profile. It should be noted, however, that CTT's reporting of the composite outcome major vascular events is an addition to the outcomes prespecified in their protocol. No stroke outcomes were reported in any of the included SRs except as part of composite outcomes.

Strengths and limitations of the overview {#s4b}
-----------------------------------------

As far as we are aware, this is the first overview of SRs that investigates statins in an exclusively primary prevention population. We synthesised evidence from SRs, which are considered the highest quality evidence for healthcare interventions. We used a transparent search strategy and followed a published protocol[@R25] to guide our search, extraction and analysis. We used validated instruments to assess the methodological quality of included reviews. The main limitation of the overview is the need to synthesise evidence from SRs with a mixture of IPD and aggregate outcome data and the high level of overlap of included RCTs across reviews. Some trials are part of two or three of the included systematic reviews, whereas many others contribute only to the results of one systematic review. Therefore, the results of the analysis presented here may be driven mostly by these 'over-represented' populations. Some relevant reviews may have been excluded from this overview because we could not ascertain the proportion of primary prevention participants within the SR. Only one SR reported on risk of bias of the included trials, and we found some of the R-AMSTAR criteria ambiguous and difficult to answer. In addition, trials that fail to find significant benefit from an intervention are often not published,[@R40] and it is possible that, as a result, our overview may be affected by publication bias. As we did not retrieve data from primary trials, we were limited to the information and judgements of the included SR authors. For example, the more recent primary prevention study, Heart Outcomes Prevention Evaluation-3 (HOPE-3), reported significant reductions in composite cardiovascular outcomes for those at 'intermediate risk' (defined as an annual risk of Major Vascular Events (MVEs) of approximately 1%).[@R41] Inclusion of this trial could have influenced the results reported in the included reviews in those in the intermediate risk category. Two of the included reviews had important methodological issues, notably the absence of clear reporting of search strategy and methods of study selection. This in fact is the core definition of a systematic review and warrants consideration of whether the individual included studies were simply reviews, as opposed to systematic reviews. In addition, the use of the composite outcomes by CTT was not prespecified in their 1995 protocol, and this change from the original protocol is not acknowledged or justified in the paper, which may introduce bias.[@R42]

Despite calls to make the provision of clinical trial data a legal, regulatory or ethical requirement,[@R44] and specifically for the publication of CTT's IPD from statin trials,[@R46] CTT's data, as well as much of the data from trials from the other two included reviews, remain unavailable for independent analysis, and thus, the goal of fully informed shared decision making cannot be achieved. In addition, while CTT analyses include data from 'almost all of the relevant randomised trials',[@R48] members of the BMJ expert advisory group on statins stated that they intended to contact the authors of 183 statin trials for additional published and unpublished data.[@R49] The inclusion of such data in systematic reviews and meta-analyses may alter reported results. However, though the gaps in the data cannot be overcome, such as the lack of transparency in the primary data, we believe this overview presents to patients and clinicians the best, although limited, data available.

Clinical implications {#s4c}
---------------------

Some studies have shown that, in absolute terms, the majority of statins users are in the primary prevention category.[@R50] A higher proportion of women who take statins fall into the primary prevention category than men,[@R50] and the distribution of statin prescribing has shifted from secondary to primary prevention particularly among women.[@R52] Given the ongoing debate on the appropriateness of statin use in primary prevention,[@R51] it is surprising that so few systematic reviews of exclusively primary prevention data exist. Clinical guidelines do not inform the physician whether recommended thresholds represent valid demarcation lines in terms of the individual patient,[@R56] and decisions to take or prescribe a medicine involve a trade-off between the perceived benefits and harms of that medicine for the individual. This trade-off is particularly salient for low-risk people choosing to take a statin for primary prevention of CVD as the patient often feels healthy and may perceive the medicine as unnecessary, with uncertain benefits and potential side effects. Conversely, it may be the case that clinicians and patients would desire a reduction in CVD, regardless of how small, if they can tolerate statins. Therefore, for people at low-risk of CVD, it is important that the decision to prescribe or take statins is considered in terms of absolute risk reduction to ensure the potential benefits outweigh the potential harms in the context of that patient's preferences. Unfortunately, some of the gaps in the data we have presented here cannot be overcome. Only one included review stratified patients by risk and gender and one by gender only. The question remains for the clinician: what is the relevant information for the individual patient?

Arguably, clinical decisions should be based on 'hard' endpoints such as cardiovascular death, MI and stroke because these are least subject to bias in adjudication.[@R12] As these outcomes were not reported separately in the overview, 'all-cause mortality' is the most reliable outcome on which to base decisions. The use and reporting of composite outcomes has been criticised as they may be unreasonably combined, inconsistently defined and inadequately reported.[@R57] Reported risk reductions of composite outcomes may be driven by large reduction in the less serious components of the outcome rather than the more serious. For example, if a composite outcome comprises a larger proportion of 'less serious' outcomes such as angina and revascularisations compared with MIs or stroke, this may result in misleading impressions of the impact of treatment.[@R36] Mora *et al* analysed the components of the composite outcome total CVD events in women in one large trial included in their review and found that women had a significant reduction in revascularisations and unstable angina but not in other components of the composite outcome, including stroke. Patients or prescribers may alter their decision making about the potential benefits of statin use even though larger treatment effects may be associated with less important components.[@R58] Data for each component of each composite outcome in the included reviews were not supplied and some of the meta-analyses included composite outcomes, which may be inappropriate.[@R57] The details of composite outcomes in the included SRs are described in online [supplementary appendix 4](#SP2){ref-type="supplementary-material"}.

For the individual patient and clinician, there are three considerations in the process of informed decision making. First, what is the RR reduction according to the baseline risk of the individual. Second, what is the absolute risk reduction in risk for that person and, finally, what are potential side effects from taking statins in the context of that patient's preferences.

As we have outlined in this overview, the outcomes reported in the SRs that were stratified by baseline risk or by gender may be the most pertinent to clinical decision making. For example, for a woman whose risk is \<5%, which results are relevant? Should she be presented with the relevant non-gender-specific results reported by CTT, such as the overall results for relative reduction in all-cause mortality (RR 0.91 \[95% CI 0.85 to 0.97\]) or the non-significant relative reductions for those at her relevant baseline risk (RR 0.94 \[95% CI 0.71 to 1.26\])? Or should she be presented with the overall non-significant relative reduction presented by Mora *et al* for women (RR 0.78 \[95% CI 0.53 to 1.15\])? The same dilemma would arise for a high-risk woman, for example, one whose baseline risk is 30% or greater. In this case, the relevant risk reduction reported at her baseline risk was RR 0.94 (95% CI 0.70 to 1.25). In a discussion on how to apply results of systematic reviews to patient care, Murad *et al* [@R40] suggest that clinicians consider the upper and lower bounds of CIs. They can then consider how they would advise their patients were the upper boundary to represent the truth and how they would advise their patients were the lower boundary to represent the truth.

The included SRs reported reductions in risk of CVD outcomes as RR reductions, but for an individual patient, knowing their absolute risk reduction is more relevant when making a decision to take a statin.[@R40] Sun *et al* [@R59] give a good example of two people for comparison. One is a 65-year-old man who smokes, does not have heart disease but who has high total cholesterol levels and elevated blood pressure. The second is a 45-year-old woman who does not smoke, has elevated total cholesterol levels and slightly elevated blood pressure. Based on the American College of Cardiology/American Heart Association (ACC/AHA) risk calculator, the man has a 38% absolute risk of having a major coronary event in the next 10 years; the woman has a 1.4% absolute risk. According to the risk reductions reported by CTT in this overview,[@R29] statin therapy would reduce the man's RR of major coronary events by 24% and the woman's RR by 41%. However, the man could expect an *absolute* risk reduction of about 9% (number needed to treat of 11) and the woman of 0.6% (number needed to treat of 166) (online [supplementary appendix 5](#SP2){ref-type="supplementary-material"}).

Having considered which RR reduction is most relevant to the particular individual and the associated absolute risk reduction, the next consideration should be the potential harms from taking statins. Collins *et al* have reported that treating 10 000 patients for 5 years would cause about five cases of myopathy, 50--100 new cases of diabetes and 5--10 haemorrhagic strokes. The authors argue that the harmful effects of statin therapy can usually be reversed without residual effect by stopping the statin therapy, whereas 'harmful effects of heart attacks or strokes that occur because statin therapy has not been used can be devastating'.[@R60] Even if there are side effects in a lower risk person, they may derive long-term benefit by stabilising or slowing the progression of subclinical vascular disease. However, the scale of these benefits may not justify the potentially wider effect of medicalisation of low-risk individuals. In addition, this definition of myopathy, as described by Armitage *et al*,[@R61] may be high bar for diagnosing muscle symptoms among real people who may simply define myopathy as any muscle symptom, and observational data suggest that the frequency of statin myopathy may be higher.[@R62] Indeed, there is a large difference between the quantification of muscle side effects between Collins *et al* and Buettner *et al*, the former reporting five cases of myopathy per 10 000 treated patients over 5 years, while the latter, a difference of 5.3% between statin and placebo groups, which is the equivalent of 530 cases of 'musculoskeletal pain' per 10 000 patients treated. Thus, the estimates vary by a factor of 100. However, a recent systematic review of observational studies on statins use and new-onset diabetes noted that this association may be limited due to 'indication bias'[@R64]; that is, the risk of an adverse event is related to the indication for medication use but not the use of the medication itself. In an observational study, one can only observe the effect of an exposure, in this case to statins. Groups are not randomly assigned to treatment or placebo groups. Therefore, observational studies are much more vulnerable to confounding bias, and their results may be less robust than those of a randomised controlled trial.[@R65] For example, prediabetes, the most important risk factor for type 2 diabetes, is associated with dyslipidaemia, and this increases both the chances that people with prediabetes will be treated with statins and that these subjects will develop type 2 diabetes.[@R66] Moreover, those with type 2 diabetes are considered risk equivalent to those in the secondary prevention category and their treatment with statins recommended by clinical guidelines.[@R1] Consideration of the potential risk of developing type 2 diabetes *from* statin use is complex. The small risk of developing diabetes may be favourably balanced by the cardiovascular benefit.[@R67] In addition, although those with diabetes have a higher cardiovascular event rate than those without, it may be the case that the event rate in those with new-onset diabetes is lower than those with established diabetes at baseline.[@R68] This would strengthen the argument that any potential risk of new-onset diabetes is outweighed by the lowering of cardiovascular risk.

A recent systematic review by Albarqouni *et al* [@R69] attempted to quantify the minimum acceptable risk reduction that patients say is necessary to justify a daily intake of medication to prevent CVD events. Our forthcoming analysis (Byrne *et al*)[@R70] of those considered *low*, *medium*, *high* and *very high* risk according to the most recent 2016 guideline found that only some of those at high or very high risk would reach an acceptable level of risk reduction to justify taking a medicine for life. In addition, Albarqouni *et al* reported that in one study only 3% of community living older people would agree to CVD preventative medicines if that medication had adverse effects that could affect their activities of daily living and half would not agree to take the medication if it was associated with even mild fatigue or nausea.[@R70]

Comparison with other studies {#s4d}
-----------------------------

We are aware of only one other overview of systematic reviews on the topic of statins for the primary prevention of CVD by Karmali *et al*.[@R71] This overview considered drugs, including statins, for the primary prevention of CVD and reported statistically significant reductions in the risk of CVD for statins (RR 0.75 \[95% CI 0.70 to 0.81\]). The Karmali *et al* overview included three of the four reviews from our overview.[@R15] However, no attempt was made to disaggregate exclusively primary prevention data, and therefore, it cannot be compared with our overview.

Conclusion {#s5}
==========

This overview suggests there is mixed evidence on the effectiveness of stains in primary prevention populations; however, this population is heterogeneous with widely ranging baseline risks. For the individual patient and clinician, there are three considerations in the process of informed decision making. First, what is the RR reduction according to the baseline risk of the individual. Second, what is the absolute risk reduction in risk for that person, and finally, what are potential side effects from taking statins in the context of that patient's preferences. The gaps in the data, outlined in this overview, cannot be overcome without patient-level data being made available for independent analysis. However, this overview clearly elucidates the information that is available at present allowing patients and clinicians to know that this is the best, although limited, data available.
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